Background: There is considerable interest in the possibility of an infectious etiology for human breast cancer. Although studies have shown that certain strains of mice transmit mammary tumor virus via breast milk, few epidemiologic studies have addressed this topic in humans. Methods: We evaluated the relationship between having been breast-fed as an infant and breast cancer risk among 8299 women who participated in a population-based, case-control study of breast cancer in women aged 50 years or more. Case women were identified through cancer registries in three states (Massachusetts, New Hampshire, and Wisconsin); control women were identified through statewide driver's license lists (age <65 years) or Medicare lists (ages 65-79 years). Information on epidemiologic risk factors was obtained through telephone interview. We used multiple logistic regression to assess having been breast-fed and maternal history of breast cancer in relation to breast cancer occurrence both in premenopausal women (205 case women; 220 control women) and in postmenopausal women (3803 case women; 4071 control women). Results: We found no evidence that having been breast-fed increased breast cancer risk in either premenopausal women (odds ratio Initial interest in a possible viral etiology for human breast cancer was generated by studies showing that mammary cancer in certain strains of mice can be caused by a tumor virus transmitted via breast milk (1) . Early clinical investigators (2-4) speculated that viral transmission through breast-feeding might also account for the elevated risk observed among women whose mothers had developed breast cancer. Although comprising small numbers of case women, their hospital-based studies provided no evidence of an association. Furthermore, international and temporal patterns are inconsistent with viral transmission through breast milk. Breast cancer rates are low in countries where breast-feeding is common (5, 6) ; in western countries, breast cancer rates have increased over a time when breast-feeding has declined (5, 6) . Nevertheless, recent studies have produced evidence of viral DNA (7) and viral antigen (8) in human breast cancer tissues, and there is currently substantial interest in a possible viral etiology for human breast cancer (9, 10) . Although a few casecontrol studies have examined the relationship between exposure to breast milk in infancy and adult breast cancer risk (11) (12) (13) (14) (15) , none have reported whether risk was increased by having been breast-fed by a mother who later developed breast cancer.
We evaluated the relationship between exposure to breast milk in infancy and breast cancer risk in a large populationbased, case-control study of women aged 50 years and over, who were born during a time period (1911 through 1945) when breast-feeding was relatively common (16) . We specifically addressed the hypothesis that an agent might be transmitted via breast milk, by evaluating whether breast cancer risk was increased among women who were breast-fed by a mother who subsequently developed breast cancer.
Subjects and Methods
This report is based on an ongoing, U.S. population-based, case-control study of breast cancer. We identified case women through population-based cancer registries covering the states of Massachusetts, New Hampshire, and Wisconsin. Potentially eligible case women were of ages 50-79 years and were diagnosed with a first invasive breast cancer. Eligibility required a listed telephone number and a driver's license determined by self-report (if <65 years old). We contacted the physician of record named in the cancer registry and requested approval to approach case women for study participation. Of 6839 potential case women, 158 were excluded at their physician's request, 293 had died before contact, 83 could not be located, and 620 declined to participate, providing an overall participation rate of 83%. Of the 5685 case women interviewed, 26 were considered unreliable by the interviewer, leaving 5659 case women for analysis.
We selected control women in each state from lists of licensed drivers (women of ages 50 through 64 years) and Medicare beneficiaries (women of ages 65 through 79 years). Control women were selected at random to have an age distribution similar to that of case women. To ensure comparability to the case group, control eligibility required a listed telephone number. Control women who had a personal history of breast cancer were ineligible. Of 7655 potential control women, 183 had died, 124 could not be located, and 1397 declined to participate, providing an overall participation rate of 78%. Of 5951 control women interviewed, 23 were considered unreliable by the interviewer, leaving 5928 control women for analysis. The percentage of participation among case and control women was somewhat higher in Wisconsin than in Massachusetts or New Hampshire (Table 1) .
Study participants were enrolled during the period from July 1, 1992, through July 31, 1995. Case and control women received a letter of introduction from the study center's principal investigator, followed within a couple of weeks by a telephone call from the study interviewer. The 45-minute telephone interview elicited information concerning physical ac- We evaluated exposures that occurred before a reference date, which was defined for case women as the date of breast cancer diagnosis. For comparability, control women were assigned a reference date that corresponded to the frequency of dates of diagnosis among case women within 5-year age strata (on average, about 1 year prior to interview). We classified women as postmenopausal if natural menopause or bilateral oophorectomy occurred before a reference date. Women who had undergone hysterectomy or ovarian surgery but whose ovarian function was unknown were assigned menopausal status according to the following rule: Women were classified as postmenopausal if (as of their reference date) they were in the tenth decile of age at natural menopause among control women (ജ55 years for both smokers and nonsmokers); women who were below the tenth decile of age were classified as menopausal status unknown. We excluded from the present analyses 266 women with unknown menopausal status. The question regarding breast-feeding during infancy was added to the questionnaire during the 2nd year of subject enrollment. The analyses are based on 8299 women (4008 case women; 4291 control women) who had an opportunity to answer this question.
We used logistic regression models to evaluate having been breast-fed, maternal history of breast cancer, and the interaction between these two factors in relation to breast cancer occurrence. The odds ratio (OR) and the 95% confidence interval (CI) for each factor were computed from logistic regression models (17) . ORs for the relationship between exposure to breast milk and the occurrence of breast cancer were adjusted for age and state and the interaction of age and state, education (as a proxy for socioeconomic status), and breast cancer risk factors, including body mass index (kg/m 2 ) at the reference date, age at menarche, religion (Jewish or non-Jewish), family history of breast cancer (breast cancer diagnosed in mother or sister), age at first full-term pregnancy, parity (number of pregnancies lasting >6 months), the interaction between age at first full-term pregnancy and parity, and age at menopause. ORs for the interaction between exposure to breast milk and mother's breast cancer status were similarly adjusted, but family history of breast cancer was excluded from this model because of its strong correlation with mother's breast cancer status. We conducted separate analyses for the 7874 postmenopausal women (3803 case women; 4071 control women) and for the 425 premenopausal women (205 case women; 220 control women). We included ''missing/unknown'' as a category for each factor in the model. All P values were two-sided.
Results
Overall, 77% of women were able to report whether they were breast-fed; the proportion was also comparable for case women (77%) and control women (77%) overall, within 10-year age intervals, and when stratified by menopausal status or maternal history of breast cancer. There was little difference between older women and younger women in their ability to report whether they had been breastfed (76% of women aged 70-79 years and 79% of women aged 50-59 years). The distribution of breast cancer risk factors according to case and control status was similar for women who were able to report whether they had been breast-fed and for those who were not (data not shown).
As expected, family history of breast cancer, body mass index, and reproductive variables were associated with breast cancer (Table 2) . Among the 7874 postmenopausal women, 2122 (55.8%) of 3803 case women and 2263 (55.6%) of 4071 control women overall reported that they had been breast-fed in infancy (Table  3) . After adjusting for breast cancer risk factors, we found no evidence of a relationship between having been breast-fed as an infant and breast cancer occurrence in postmenopausal women (OR ‫ס‬ 0.95; 95% CI ‫ס‬ 0.85-1.07) ( Table 3) . Further adjustment for father's education, mother's age at subject's birth, subject's birth order, and subject's birth weight yielded similar results (data not shown).
Breast cancer risk was nearly doubled for postmenopausal women whose mothers were affected by breast cancer, but there was no evidence that the increase was related to having been breast-fed. Specifically, maternal history of breast cancer conferred essentially the same increase in risk among postmenopausal women who had been breast-fed (OR ‫ס‬ 1.88; 95% CI ‫ס‬ 1.47-2.40) and those who had not (OR ‫ס‬ 1.93; 95% CI ‫ס‬ 1.33-2.79) ( Table 4) . A statistical test of the interaction between having been breastfed and a maternal history of breast cancer was not significant in this group (P ‫ס‬ .94).
Among the 425 premenopausal women aged 50 years and over, 86 (42.0%) of 205 case women and 106 (48.1%) of 220 control women overall reported that they had been breast-fed, yielding an adjusted OR of 0.65 (95% CI ‫ס‬ 0.41-1.04) (data not shown). Among premenopausal women who had not been breast-fed, maternal history of breast cancer was associated with a statistically nonsignificant increased risk of breast cancer (OR ‫ס‬ 1.72; 95% CI ‫ס‬ 0.56-5.34); however, an increased risk was not observed in premenopausal women who were breast-fed (OR ‫ס‬ 1.00; 95% CI ‫ס‬ 0.32-3.14). A statistical test of the potential interaction between having been breast-fed and maternal history of breast cancer was not significant in premenopausal women (P ‫ס‬ .80). In addition, in the combined sample of premenopausal and postmenopausal women, a test of the potential interaction between menopausal status and having been breast-fed was not statistically significant (P ‫ס‬ .23).
Discussion
Our principal aim in conducting these analyses was to evaluate the hypothesis that an agent transmitted via breast milk might influence breast cancer risk. Specifically, we sought to investigate whether having been breast-fed in infancy by a mother who later developed breast cancer might increase breast cancer risk. We found no evidence of a positive association between having been breast-fed and risk of breast cancer. Moreover, breast cancer risk was not increased by having been breast-fed by a mother who later developed breast cancer. These results argue against a transmissible agent in breast milk that increases breast cancer risk, particularly in postmenopausal women. The number of premenopausal women in this study was limited; moreover, because we enrolled only women aged 50 years and over, premenopausal women were not well represented, so our findings with regard to this group are inconclusive and should be viewed with caution.
The results of some previous casecontrol studies (11) (12) (13) suggest that having been breast-fed is associated with reduced breast cancer risk, an observation that has been variously attributed to differences in caloric intake, availability of specific nutrients, or possible hormonal or immunologic consequences of breast milk (12, 13) . Two previous case-control studies have shown a modest (26%) and statistically significant decreased risk overall (12) and in young women (<45 years old) (13); however, both studies suffered from poor participation, so the results are subject to bias. A third case-control study (11) , with good participation, noted a slight (14%) and statistically nonsignificant decreased risk associated with exposure to breast milk. An early case-control study (14) found no association between having been breast-fed and breast cancer risk, but the analyses were based on small numbers of women. A nested casecontrol study conducted in Sweden and based on record linkage (15) also found no association between having been breast-fed (per postnatal hospital discharge records) and breast cancer risk, but the prevalence of reported breast-feeding was nearly universal (98%) in the study population and CIs were wide. Only one previous study (12) evaluated risk separately in premenopausal and postmenopausal women and found comparable (although statistically nonsignificant) modest protective effects in both groups.
Early studies of possible transmission of breast cancer virus via human breast milk (2-4) did not find an increased risk of breast cancer among women breast-fed by mothers who later developed breast cancer. The results of these studies may ‡ORs are based on a logistic regression model adjusted for age, state, the interaction between age and state, education, religion, family history of breast cancer, body mass index, age at menarche, age at first full-term pregnancy, parity, the interaction between age at first full-term pregnancy and parity, and age at menopause. *Includes the 4008 case and 4291 control women who were asked during interview whether they had been breast-fed. Totals in some groups vary because of missing data.
have been confounded by age or other uncontrolled risk factors (18) . In addition, the early studies were hospital based and comprised small numbers of prevalent breast cancer cases; thus, the validity of their results is uncertain. Previous casecontrol studies (11) (12) (13) (14) (15) did not evaluate whether risk was increased by having been breast-fed by a mother who later developed breast cancer. Freudenheim et al. (12) reported results suggesting that postmenopausal case women who were breast-fed were more likely to have a family history of breast cancer, but the apparent relationship was not observed among premenopausal women. Moreover, the number of women with a family history of breast cancer was too small to formally evaluate a potential interaction with having been breast-fed, and the investigators did not distinguish women whose mothers were affected by breast cancer.
In this study, we were unable to assess duration of breast milk exposure in relation to breast cancer risk. We were also unable to validate breast milk exposure in this study, but agreement with the initial questionnaire response was high (95%) in a substudy of 376 women (186 cases and 190 controls) who were re-interviewed (kappa ‫ס‬ 0.88). In addition, a previous study (19) has shown good sensitivity (82%) and specificity (86%) of selfreported breast milk exposure relative to mothers' reports. Although we cannot exclude the possibility that our findings were affected by recall bias, we found no evidence that women who were able to report whether they were breast-fed (responders) differed from those who were unable to report this information (nonresponders). In our data, the distribution of breast cancer risk factors by case and control status was similar for responders and nonresponders.
In summary, the results of this large, population-based, case-control study provide no evidence of increased breast cancer risk associated with having been breast-fed in infancy. Specifically, breast cancer risk was not increased by having been breast-fed by a mother who later developed breast cancer. These findings argue against the presence of a transmissible agent in breast milk that increases risk of human breast cancer.
